Obstructive Sleep Apnea Syndrome (OSAS) is a frequently occurring childhood malady, whose is incidence is largely underestimated, that can lead to serious complications. Because of their understanding of the anatomy and physiology of the masticatory apparatus and of the upper airways, orthodontist are in a strategic position to detect in their young patients developing disorders in these regions; accordingly when they suspect the existence of OSAS they should ask systematic and well targeted questions of parents who may not be aware of the relationship between certain symptoms their children display and sleep breathing problems. The goal of this article is to provide practitioners with a better understanding of the symptoms and the physio-pathological mechanics of OSAS so that they can spare their afflicted patients the complications it provokes by seeing that early treatment is undertaken.
-INTRODUCTION
Guilleminault 42 first described the precise characteristics, that vary from individual to individual, of OSAS in 1976, noting that obstruction of the upper airways during sleep could be intermittent, partial, or complete. But actually, Osler 75 and Hill 46 first reported it 120 years ago in these terms: ''the stupid and lazy child who suffers from headaches in school, breathes through his mouth rather than his nose, snores during his agitated sleep, and awakens with his mouth dry, deserves better treatment by the school nurse.'' OSAS, which affects 1 to 4% of the child population 61 , can lead to serious disturbances in a child's bodily functions, with alterations in respiratory exchanges, repeated micro-awakenings, and a change in sleep patterns. It is associated with a multitude of complications most of which have only been identified in the last 10 years:
-a decrease in growth both in height and weight 25, 62 , resulting from fragmentation of the profound deep sleep that, when undisturbed, promotes the release of growth hormones; -problems in waking behavior 1, 2, 8, 10, 16, 19, 20, 30, 31, 34, 44, 49, 52, 53, 54, 68, 70, 72, 73, 76, 83, 88, 93, 94 with pseudo-hyperactivity and an increase in psychiatric problems; -difficulties in concentration and learning, interference with control of functional activity with a lowered scores on intelligence tests, and difficulties in classroom performance. It should be noted that there is a 6 to 9 times greater risk of OSAS in the 3 lowest ranked students in the class 34 ; -sleepiness, which is rather rare, affecting only about 20% of OSAS patients 33, 66 ; -early onset of cardio-vascular difficulties, primarily arterial hypertension, and changes in the dimensions of the cardiac chambers 4, 5, 6, 23, 24, 40, 56, 57, 58, 63, 98 ; -metabolic changes, which are the most recently identified complications 55, 82, 86 ;
-problems in growth of the facial complex;
-an abundance of therapeutic interventions that double medical expenses before a diagnosis has been made 82, 89 ; -a major interference with the quality of life as measured objectively on specific questionnaires 21, 27, 29, 67, 71, 85 .
-EPIDEMIOLOGICAL RISK FACTORS FOR CHILDREN IN THE OBSTRUCTIVE
SLEEP APNEA SYNDROME
The prevalence of OSAS is estimated to be between 1 and 4% and as high as 5, even 10% 92 in some studies, with a slight pre-ponderance of males near the age of puberty. Some observers note an increased rate of OSAS in certain ethnic groups, especially African populations.
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Seailles T, Couloigner V, Cohen-Lé vy J. How to detect obstructive sleep apnea syndrome (OSAS) in children sleep apnea if a family member suffers from it 84 . In children born prematurely the risk is multiplied by a factor of 3 to 5 45, 84 OSAS is also associated with other disorders such as asthma, ear, nose, and throat infections (recurring otitis, rhinitis, and sinusitis), obesity, drepanocytic anemia, and certain congenital afflictions such as trisomy 21, neuromuscular problems, and maxillo-facial malformations.
• Physio-pathology While obstruction of the upper airways, which is considerably encouraged or aggravated by physiological hypertrophy of tonsillar and adenoidal tissues that usually attain their maximum proliferation when children are 3 to 5 years old 48 , constitutes the principal causative factor in OSAS, it is not the sole inciting mechanism. OSAS, a complex manifestation, is also triggered by neuro-muscular activation of the upper airways, by malfunctions of breathing controls, and by mal-stimulation at the threshold of cerebral cortex activation.
Typical apnea mechanisms derive from varying degrees of obstruction of the upper airways and pharyngeal spaces in afflicted children compared to the free passageways of healthy infants, which is most clearly seen at times of awakening 69 , after sedation 7 , and with paralysis 47 . The narrowness of air passages can be discerned by means of cephalometrics 9, 71 , acoustic rhino-manometrics 69 , endoscopy 47 , and magnetic resonance imaging 7, 22, 28 .
The collapse of airways is related to anatomical obstacles and also to changes in neuro-muscular activity that in healthy operation tend to prevent that collapse through the action of the dilating musculature of the pharynx, especially the gé nioglossus, the hypoglossus, and the styloglossus all of which help to regulate the inspiration of air 50 . For children afflicted with OSAS the critical pressure tending to close the airways is higher than it is in healthy children; this increased possibility of collapse becomes evident after sedation or experimentally induced paralysis, and the site of the shrinkage is primarily in areas of adenoidal tissue e x c e s s , t h e s o f t p a l a t e , a n d the pharyngeal or hypo-pharyngeal space 7, 28 . The respiratory anomalies caused by this breakdown in equilibrium of forces are extremely variable and range from increased effort in breathing, lowered intake of oxygen, rapid respiration and assorted anomalies of aeration exchange to complete obstruction 35, 41 .
But despite everything, the upper airways of children with OSAS remain open most of the time, a testimonial to the importance of neuro-muscular control in diminishing their collapse. In OSAS, the structure of sleep may be affected as repeated cortical miniawakenings break it up and as the level of alternating cyclical tracings increases as measured on an electroencephalogram reading up to the beginning of subtle activations of the nervous system in the form of autonomic mini-awakenings 51, 77, 78, 79, 90 .
There is a continuum between ''simple'' snoring 38, 44, 72 , which is an early indication of narrowing of the upper airways, the syndrome of augmentation of the upper airways described in 1982 by Guilleminault 35 , and the sleep apnea syndrome, the borderline between a physiological event and pathological blockage being difficult to determine.
With means and devices of evaluation, primarily polysomnography, becoming increasingly sensitive 15, 17, 37, 41, 60, 79, 91 , many cases of ''increased resistance in the upper airways syndrome'' that would have escaped undetected only a few years ago, are now being diagnosed correctly.
-SYMPTOMATOLOGY OF OSAS
Usually, OSAS is first discerned through assessment of clinical symptoms 97 , a medical history, a morphological and functional evaluation of the upper airways, and finally by the indispensable polysomnographic examination, which, alone, can provide an irrefutable objective confirmation of the diagnosis 37 .
-1 -Nocturnal symptoms
• Snoring a frequent manifestation of the onset of OSAS and could be considered a first call for help from both parents and medical care providers 45 . Snoring occurs in 96% of OSAS cases 14, 39 , but this high rate may reflect a selection bias; respiration that is merely noisy, or in some cases complete absence of snoring, can characterize some confirmed OSAS cases 61 . On the other hand, epidemiological studies have found that 8 to 12% of all children display ''regular snoring '' 61 , showing that snoring is not associated solely with OSAS.
• Pauses in respiration or repeated noises in breathing have been noted by 1 to 4% of parents. These interruptions are more frequent just before morning during phases of paradoxical sleep, while slow deep sleep which predominates at the beginning of the evening is usually free of these respiratory pauses.
• Night sweats are a good indication of increase of the blood level of carbon dioxide and bear witness to the hypoventilation that accompanies apnea. They can occur daily and be abundant.
• Nocturnal mouth breathing (which is sometimes occurs in the daytime) reflects an obstruction in the nasal air passageways and the preferred route of air to reach the lungs; it implies a greater resistance to nasal air flow than to buccal air flow 26 . In healthy children, the resistance to passage of air through the mouth is greater than it is through the nose 44 and 70% of inspired air, accordingly, takes the nasal route; but in children suffering from apnea mouth breathing is a protective mechanism that is a detour around the nasal obstacles.
• Abnormal sleeping positions By setting their heads in a hyperextended position thus limiting lowering of the base of the tongue children can improve air flow 95 . Children also adopt this position when they nod off during long automobile trips; when they continue this behavior during waking moments it may become a chronic statural anomaly.
These parasomnias are encouraged by sleep interruptions due to cortical mini-awakenings that are more or less complete and repetitive. They result primarily from the breathing difficulties that afflict children with apnea whose sleep is agitated with frequent position changes, shaking of the lower limbs, night terrors, recurrent nightmares, confusion in waking periods, bruxism, episodes of somnambulism or somniloquy, repeated nocturnal arousals, nocturnal micturation or enuresis 51 , and, with nursing infants, nocturnal crying.
-2 -Diurnal symptoms
During the day as opposed to the behavior of healthy children, apneal patients show a continuance or a reappearance of excessive napping, for relatively long periods. Sometimes these involuntary siestas occur in situations that encourage them such as long trips or periods of passivity like television watching or even in classrooms.
These children tend to fall asleep rapidly at bedtime, but sometimes their dropping off is paradoxically retarded, especially for children who have been made anxious by frequent nightmares or poor quality of sleep.
In adolescents OSAS may provoke a reluctance to fall asleep demonstrated by later and later bedtimes. In the morning, their awakening is often prolonged and difficult; less often it is paradoxically early with the agitated children unable to fall asleep again. Some of the children suffer from morning headaches caused by a nighttime accumulation of excess of carbon dioxide in the blood stream.
In waking hours, most children with apnea demonstrate a pseudo-hyperactivity, appearing agitated, unable to concentrate or study at all, frequently encountering scholastic difficulties.
Some writers have reported episodes of passivity in these patients, causing them to be introverted or even depressed.
Detailed questionnaires, like the one devised by Brouillette 13 , have been adapted for the study of potential patients. They focus, as in the Epworth modification, on respiratory parameters and diurnal somnolence. Another instrument that has been employed is the Pediatric Sleep Questionnaire, the PSQ 18 . While these questionnaires constitute a tool for evaluating OSAS, they cannot be used to affirm or eliminate the present of the obstructive sleep apnea syndrome.
size of the nostrils, a large septum, partial or complete collapse of the nostrils (through the external nasal valve), a deviation of the septum, hypertrophy of the turbinates, and inflammation or infection of the mucosa, all of which could lead to impeded or obstructed air passages. They can conduct this examination, an anterior rhinoscopy, directly with the aid under high-powered scialytic light, and a speculum with a mobile valve. The otolaryngologists can complete the minute examination not only in the nasal area but also of the tubular orifices, the Eustachian tubes as well as the soft palate with a nasal fibroscopy, carried out under local anesthesia with a vaso-constrictor that replaces the cumbersome posterior rhinoscopy with a mirror. In the case of the patient shown in figure 2, an X-Ray of the cavum clearly shows the hypertrophy of the adenoids.
• The position of the uvula in relation to tongue is assessed by a Mallampati score (figure 5), and the size of adenoids is rated in comparison to the volume of upper airway passage (figure 4). With other techniques, such as rhinometry or the measurement of nasal deficit, the examiner can make an evaluation of respiratory function a routine of the OSAS exam.
• Over-all cranio-facial morphology, primarily of the mandible and the palatal vault, which is frequently high and narrow, is also assessed (the reader may wish to consult the article on OSAS morphology in this issue).
-RECORDING SLEEP PATTERNS
The symptoms we have described indicate the need for a polysomnographic evaluation, but they do not constitute sufficient evidence for making a diagnosis of OSAS nor for evaluating its severity 11, 18 , because there is no correlation between the intensity of symptoms in an individual and the apnea-hypopnea index. A recording of sleep patterns is, therefore, the only objective means of confirming the presence of the obstructive sleep apnea syndrome. However, there is ongoing debate on the issue of how many sensors are needed to make a proper diagnosis of OSAS:
-oxymetrics, derived from a sensor placed on the patient's finger registers the blood oxygen level and aids in an index of respiratory interruptions that may lower it; -the Ventilation polygraphy (VP), which measures cardio-respiratory parameters including Ventilation deficit, oxymetrics, and cardiac rate;
-the polysomnography, (PSG) which is a more profound, more exacting procedure often undertaken in a sleep laboratory. Patients frequently have to wait for it because of the restricted number of beds available in these facilities. The PSG makes registrations of different stages of sleep derived from electro-encephalographic graphs and an electrooculogram that discerns specific phases of arousal and sleep, notably REM, or Rapid Eye Movement, and also records changes in leg placement from a position sensor with electromyograms along with a night-long electrocardiogram (see fig. 6 and 7) .
The respiratory parameters are evaluated with a nasal pressure sensor, an intra-oral thermistor, abdominal and can be substituted for calculating respiratory effort. A nasal cannula can measure the level of carbon dioxide in expiration or a transcutaneous sensor can register the carbon dioxide blood level. Sometimes observers videotape sleeping patients to supplement the polysomnograph and record the precise sleeping behavior of the patient that may range from adjusting leg position to somnambulism.
All of these tests can help practitioners to make a diagnosis in cases of evident obstructive sleep apnea syndrome, making it possible to inaugurate immediate treatment, but if the examinations yield negative results they do not, in any way, rule out the possibility of OSAS developing later if the upper airways become more resistant to passage of air 65 .
The polysomnograph norms for children are not yet clearly defined and have changed with the passage of time, because the difficulty of comparing the results of different studies have made it so far impossible to formulate normative limits.
According to the American Association of Sleep Medicine (AASM) 3 , apnea can be defined as a stoppage in respiration, or decrease in airflow of over 90% during two respiratory cycles and hypopnea can defined as:
-a decrease in air flow of 50% during two respiratory cycles, associated with either a decrease in oxygen delivery equal to or over 30% during two respiratory cycles or a cortical mini-awakening; -a decrease of 30% of air flow during two respiratory cycles or a decrease in oxygen supply greater than or equal to 4% or a cortical mini-awakening.
The AASM 3,64,96 also states that an obstructive sleep apnea score greater than 1 per hour or Hypopnea Index greater than 1.5/h is probably abnormal and that Hypopnea Index higher than 3 to 5/h is pathological in children.
-CONCLUSION
The discernment of symptoms, sometimes quite discrete, neglected, or misunderstood by parents, is indispensable for referral of a potential patient for a polysomnographic examination, which underscores the important role clinicians play and the critical nature of the intake histories they obtain. Orthodontists should understand that by virtue of the key observation positions they occupy they are integral members of the therapeutic team that elaborates a treatment plan after a diagnosis of OSAS has been made and then as participants in the restoration for afflicted subjects of physiological nasal breathing. 
